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Reconnaissance Investigation of Sand, Gravel,
and Quarried Bedrock Resources in the
Yakima 1:100,000 Quadrangle, Washington

Kevin D. Weberling, Andrew B. Dunn, and Jack E. Powell
Washington Division of Geology and Earth Resources
PO Box 47007; Olympia, WA 98504-7007

INTRODUCTION
Background

During its 1998 session, the Washington State Legislature, act-
ing on a recommendation from the Governor’s Land Use Study
Commission, asked the Washington Department of Natural Re-
sources (WADNR) to map gravel and bedrock resources that
could be used for maintenance and construction of homes and
infrastructure. The Study Commission sought this information
to assess the need to protect these resources from urban sprawl
and other intensive land uses. These data would, in turn, result in
better long-range planning and possible legislation to aid in des-
ignating mineral resource lands under the Growth Management
Act (Revised Code of Washington [RCW] 36.70A; Lingley and
Jazdzewki, 1994).

Although the data are presented here in the traditional text
and map format, this report is part of a project to prepare a geo-
graphic information system (GIS) database that delineates the
location of some of the significant construction aggregate
resources (sand, gravel, and quarried bedrock) of Wash-
ington State. The digital version of this report, including
Arclnfo coverages, is available through the Washington
Division of Geology and Earth Resources (see back of ti-
tle page for address).

The Yakima 1:100,000 quadrangle is located east of
the Cascade Range in south-central Washington from 46.5
to 47 degrees north latitude and 120 to 121 degrees west
longitude (Fig. 1). Approximately one-third of the quad-
rangle is in Kittitas County, while the other two-thirds are
in Yakima County. The population of the quadrangle is ap-
proximately 150,000, with the largest population centers
at Yakima (population ~66,000) and Ellensburg (popula-
tion ~15,000). The population of Kittitas County is about
33,000 and Yakima County is about 213,000 (Washington
Office of Financial Management, 2000).

Intended Audience

This inventory was created primarily for use by local gov-
ernment planners to help refine comprehensive plans and
other zoning determinations. It will also aid legislators
and other policy makers in assessing the importance of
largely nonrenewable sand, gravel, and quarried bedrock
resources. The study should also benefit engineers, trans-
portation departments, and industry.

Primary Products
This inventory includes the following products:

1. Databases containing the location, thickness, quality,
and volume of some sand, gravel, and bedrock re-
sources (Appendices 3-5).

Figure 1. Location of the Yakima 1:100,000
quadrangle.

2. A map showing the probable extent of bedrock (in pink) and
gravel (in yellow) resources (Plate 1). Thickness contours
(isopachs) are shown within those sand and gravel deposits
for which we have sufficient data.

3. The location of active mines, borrow pits, some depleted
mines, and large proposed mines (Plate 1).

4. Brief descriptions of geologic units known to contain aggre-
gate resources (Appendix 6).

5. A description of the geology and mining history of construc-
tion aggregates in the Yakima quadrangle (see text).

A glossary of terms used in this report can be found in Ap-
pendix 1, and a complete discussion of the methods used in this
study can be found in Appendix 2.

Accuracy of Estimates
We emphasize that this report almost certainly overestimates the
volume of construction aggregate within the Yakima quadrangle
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that is available under current market condi-
tions, because of factors such as shallow
bedrock under surficial gravels, diminishing
rock quality with depth, unmapped areas of
thick overburden, and lateral geologic varia-

Table 1. Some specifications for construction aggregate products (after Washington State
Department of Transportation, 1999). Los Angeles Abrasion and Percent Passing U.S. No.
200 Sieve measurements are in weight percent. Los Angeles Abrasion and Degradation spec-
ifications for coarse portland cement concrete aggregate are not rigorous because the grave!
is seldom exposed on the outside of concrete structures, such as foundations or sidewalks

tion. Furthermore, history indicates that fu- Product
ture drilling and mining are more likely Crashed s e | Ballast
. . .. rushe oarse aggregate allas
t(.) y_1eld dlsappomtlng re.sults than to add Asphalt- (road) surfacing, for portland (road
s1gn1ﬁcaqtly to hypoth.etlcal aggregate re- Laboratory test treated base top course cement concrete | subgrade)
serves. Finally, a rise in the price of con- - - P Py 200,
struction aggregate could make some of to- | [0S Angeles Abrasion <30% <35% -7 il
day’s subeconomic resources (such as clay- Washington Degradation 215 225 not used 215
r;l‘?hk%ravel dfePOSilt)s or rock buried ﬁndef Sand Equivalent >30% >35% not used >30%
thick layers of overburden) commercially at-
tractiveyin the fut ) y Percent Passing U.S. 2-9% 0-7.5% 0-0.5% 0-9%
€ luture. : No. 200 Sieve (<0.0025 in.)

Threshold of Significant Resources

Because this study is primarily designed as an aid to land-use
planning, we inventoried only those resources deemed as signif-
icant to the long-term economic health of the region. Therefore,
we restricted our investigation to those resources that meet the
following threshold criteria:

1. The thickness of the sand and gravel or bedrock deposit ap-
pears to be in excess of 25 feet (7.5 meters).

2. The ‘stripping ratio’ (ratio of overburden to gravel or over-
burden to bedrock) is less than one to three (1:3).

3. The strength and durability of the rock meet the Washington
State Department of Transportation’s (WSDOT) minimum
specifications for asphalt-treated base, a rock product used
to construct some lower layers of asphalt roads (Table 1).

4. The area of the deposit exposed at the surface exceeds 160
acres and measures at least 1,500 feet across the minimum
dimension of the deposit, or the reserves exceed 10 million
cubic yards. However, a few exceptions are included where
unusually thick deposits or resources of special local impor-
tance are present.

In some markets, a lack of quality gravel and bedrock has
forced producers to mine lower-quality deposits. Homes and in-
. frastructure constructed with weak gravel or bedrock generally
have relatively short life cycles. We have not inventoried these
lower-quality deposits because they do not meet the criteria of
this study. However, Appendices 3 through 5 will serve as
guides to the locations of some of the poorer-quality deposits as
well as resources buried under thick overburden layers which
may become more attractive under future market conditions.

Scope of Deposits Inventoried

In order to produce an objective analysis, we have inventoried
all deposits meeting the threshold criteria (except those that lie
within the Yakima Training Center and Yakama Indian Reser-
vation) without consideration of environmental impacts or land-
use conflicts that may be involved in permitting or extracting
these resources. For example, the Yakima River flood plain has
historically been a major gravel resource, and numerous mines
are still operating beside the river. Future mining operations in
flood plains will likely have more difficulty obtaining permits
because alluvial mining can adversely impact aquatic and ripar-
ian habitat (Norman and others, 1998). Nevertheless, all Yakima
River sand and gravel deposits meeting the threshold criteria are
depicted in this report. Therefore, this inventory must be used
with maps of environmentally sensitive areas and land-use sta-

tus in order to obtain a complete picture of available aggregate
within the quadrangle.

Previous Aggregate Reserve Studies

Prior to this study, the only public assessments of aggregate re-
serves in the Yakima 1:100,000 quadrangle were a preliminary
assessment of speculative reserves by the Yakima County
Planning Department (unpub. data) and a statewide reconnais-
sance investigation of aggregate reserves (Lingley and Manson,
1992).

GEOLOGY OF CONSTRUCTION AGGREGATES
IN THE YAKIMA QUADRANGLE ’

The following discussion of the geology of the Yakima quadran-
gle emphasizes those units that are significant sources of aggre-
gate. More detailed geologic descriptions of units being mined
or considered a resource can be found in Appendix 6.

Sand and Gravel Geology

Three types of sand and gravel deposits are present in the
Yakima quadrangle:

1. Recent alluvial deposits on the flood plains of rivers and
larger creeks.

2. Quaternary (Pleistocene) river terrace deposits.

3. Older (Tertiary), commonly cemented alluvial and volcani-
clastic deposits that are generally mapped as sedimentary
rock units (Thorp Gravel and gravels of the Ellensburg For-
mation).

Alluvial gravel deposits along the Yakima River (unit Qa)
are composed mainly of basalt clasts derived locally from the
Columbia River Basalt Group and other volcanic rocks, such as
andesite and dacite, from the Cascade Range to the west (Camp-
bell, 1983). From Ellensburg to where the Yakima River cuts
through Yakima Ridge (informally known as Selah Gap), the
gravel deposits are dominated by basalt clasts (60-65%). South
of Selah Gap, andesite and dacite clasts are found in higher per-
centages, most likely due to an influx of these rock types from
the Naches and Tieton Rivers. Minor amounts (10-15%) of gra-
nitic, metamorphic, and sedimentary clasts are also present in
the gravel deposits. Alluvial gravels meeting asphalt-treated
base specifications are found along the Yakima, Naches, and
Tieton Rivers as well as along Ahtanum and Wenas Creeks.

Campbell (1983) noted that two Pleistocene terraces (unit
Qt) approximately 16 and 30 feet (5 and 10 meters) above the



present Yakima River flood plain occur at numerous locations
from Ellensburg south to Union Gap. These terraces consist of
lithologies similar to those found on the modern Yakima River
flood plain, although the cobbles tend to be slightly more weath-
ered. Historically, little mining has occurred on these terraces,
yet WSDOT strength and durability testing of these gravels indi-
cates that they meet the threshold criteria of this study and
should be considered significant resources (Plate 1).

The Pliocene Thorp Gravel and age-equivalent conglomer-
ates are divided into two units: the mainstream facies and the
sidestream facies (Waitt, 1979). The Thorp Gravel (unit Pcgy)
was deposited by the ancestral Yakima River (mainstream fa-
cies) and its tributaries (sidestream facies). Only mainstream-fa-
cies deposits are likely to meet the threshold criteria of this
inventory. The mainstream facies is composed of mixed
lithologies, including a high percentage of hard, slightly weath-
ered cherts, andesites, dacites, and other durable silicic rocks.
The unit is more compact than overlying gravel deposits and
contains a moderate amount of pore-filling clay that must be
washed off the aggregate. Large volumes of sand and gravel are
presently being mined from the Thorp mainstream facies in the
Hutchinson pit, which lies directly north of the Yakima quadran-
gle approximately 2 miles northwest of the city of Ellensburg
(sec. 29, T18N, R18E). Although the Hutchinson pit is located
outside the Yakima quadrangle, it demonstrates that the Thorp
mainstream facies can be economically mined and that these de-
posits meet WSDOT asphalt-treated base specifications. For
these reasons, the Thorp mainstream facies gravels are shown as
a significant aggregate resource (Plate 1). Although some well
logs indicate that the Thorp mainstream facies may extend to
depths of 200 feet in the southern Kittitas Valley, insufficient
data are available to justify contouring thicknesses greater than
100 feet.

The Thorp sidestream facies crops out mainly in the south-
west quarter of the map and consists mostly of basaltic gravels
derived from the nearby ridges of the Yakima fold belt (Waitt,
1979; Campbell, 1983). The basalt cobbles commonly have
thick weathering rinds, clayey cementation, and calcification
that would require costly processing to remove. Although nu-
merous small borrow pits are present within the deposits of the
sidestream facies, they are used mainly by farmers, orchardists,
and other landowners for domestic or maintenance purposes.
The Thorp sidestream facies deposits rarely meet the threshold
criteria of this inventory and are not considered a significant re-
source.

Lastly, numerous other poorly consolidated Tertiary depos-
its in the Yakima quadrangle contain sand and gravel (units
QPRcg, PMcg,, Mce, Mc,,, and Mcg) (Walsh, 1986; Schuster,
1994). The Miocene Ellensburg Formation (unit Mc,) is the
most prevalent and underlies, overlies, and is interbedded with
the Columbia River Basalt Group. This unit is composed mainly
of volcaniclastic conglomerates, sandstones, mudstones, and
lahar deposits derived from the Cascade Range and whose depo-
sition is unrelated to the modern Yakima River drainage (Smith,
1988). Ellensburg Formation cobbles tend to be weathered and
are often surrounded by large volumes of fine-grained material
(clays, silts, and sands). Therefore, Ellensburg Formation de-
posits as a whole are not considered a significant resource, al-
though it is possible that higher-quality deposits could be found
locally.
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Bedrock Geology

Bedrock in the Yakima quadrangle can be assigned to one of
four geologic groups or formations. These are the Tieton Ande-
site, Columbia River Basalt Group, Ellensburg Formation, and
Fifes Peak Formation. In our discussion below, we emphasize
the Tieton Andesite and Columbia River Basalt Group, which
consistently meet the threshold criteria of this study and are con-
sidered significant resources.

The Tieton Andesite (unit Qvay) crops out at Naches
Heights, between the confluence of the Tieton and Naches
Rivers and where Cowiche Canyon opens into the Naches Val-
ley (Plate 1). This Pleistocene andesitic lava flow originated in
the Cascade Range and is very hard, fresh, and durable. The unit
averages 100 feet thick and may be as much as 300 feet thick in
some areas. Presumably the Tieton Andesite can be mined
through its entire thickness because its quality appears relatively
uniform.

The series of east—west trending ridges within the Yakima
quadrangle are composed chiefly of Columbia River Basalt
Group flood basalts (unit Mv and its subdivisions). Numerous
individual basalt flows make up the Columbia River Basalt
Group and all of these contain thick zones suitable for use as
crushed aggregate (Mike Hammond, WSDOT South Central
Region, oral commun., 2000). Components of a typical Colum-
bia River Basalt Group basalt flow are shown in Figure 2. The
entablature and colonnade of basalt flows provide high-quality
crushed aggregate, quarry stone, riprap, and decorative ‘shale’
rock. In these zones, the rock is usually very hard and durable,
has undergone little weathering, and has many fractures and
joints that developed during the cooling process or deformation.
Locally, vesicular tops have been removed by erosion, and the
pillow-palagonite bases occur only if the lava cooled under the
waters of a Miocene lake. The cumulative basalt flow sequence
exceeds several thousand feet thick, yet the deepest quarry is
permitted to a depth of only 290 feet (Rest Haven riprap; sec. 7,
T13N, R19E). The basalt of the Columbia River Basalt Group
has been designated as a rock resource wherever it is located in
the Yakima quadrangle (Walsh, 1986; Schuster, 1994; Plate 1).

The Ellensburg Formation (unit Mc,) deposits were dis-
cussed in the preceding sand and gravel geology section. These
deposits, which are not considered a resource, form interbeds
that commonly separate individual basalt flows of the Columbia
River Basalt Group. These interbeds usually range in thickness
from 5 to 50 feet. When the interbed thickness exceeds 30 to 40
feet, it may be prohibitively expensive to mine the underlying
basalt. In the Ryegrass area in the northeast corner of the quad-
rangle, the Vantage Member of the Ellensburg Formation is ap-
proximately 30 feet thick (Mackin, 1961). In the Selah Butte
area near the center of the quadrangle, the Selah Member of the
Ellensburg Formation is more than 100 feet thick (Schmincke,
1964).

The Fifes Peak Formation (unit Mvay) is the oldest rock unit
in the quadrangle (23-26 million years old) and crops out in
small areas on the western margin of the study area. Most of it is
part of the apron facies of the Edgar Rock volcano and consists
of ash-tephra, lahar deposits, and other soft, crumbly volcani-
clastics (Campbell and Gusey, 1992). The Fifes Peak Formation
contains a few small borrow pits used by the U.S. Forest Service
for local maintenance of logging roads, but generally the rock
does not meet the threshold criteria of this inventory and is not
considered a resource.
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Figure 2. Cross section of a typical flow in the Columbia River Basalt
Group showing, in idealized form, jointing patterns and other structures.
PPC, pillow-palagonite (hyaloclastite) complex, which is present at the

base of flows that entered water. (Modified from Swanson, 1967, and
Swanson and Wright, 1978.)

AGGREGATE MINING AND
SIGNIFICANT DEPOSITS

Aggregate mining has occurred at more than 240 sites within
the Yakima quadrangle. There are approximately 13 permitted
gravel pits and 20 permitted rock quarries currently operating in
the quadrangle (Appendix 3). An additional 25 pits and 9 quar-
ries are or have been operated by the WSDOT. Pits and quarries
intermittently operated for forest road construction and repair
include at least six by the U.S. Forest Service, two by the
WADNR, and one by a major timber company. Tables 2 and 3
show major sand and gravel pits and bedrock quarries in the
Yakima quadrangle.

Interviews with major pit and quarry operators indicate that
current demand for aggregate in the Yakima Valley market is ap-
proximately 1.6 million tons per year. The southern Kittitas Val-
ley market is considerably smaller at approximately 200,000
tons per year. Therefore, the population of the Yakima quadran-
gle consumes approximately 1.8 million tons of sand, gravel,
and bedrock per year. Historically, much of the aggregate pro- -
duced in the Yakima quadrangle originated from large flood
plain gravel pits. Most of these pits are either depleted or near-
ing depletion, but two large gravel pits have been proposed in
the Yakima quadrangle. If current trends continue, we expect the
number of permitted bedrock quarries to increase as the number
of permitted gravel pits decreases due to depletion of commer-
cially viable gravel pit sites.

In the following discussion, the use of the terms ‘active’ and
‘terminated’ refers only to mines that have WADNR permit
numbers. Small pits and quarries that have not been permitted
are referred to as borrow pits. :

Sand and Gravel Resources

Historical gravel mining combined with WSDOT test data show
that alluvium along the Yakima and Naches Rivers, as well as
some other alluvium in the quadrangle, is consistently of high
quality (Table 4). Almost every pond located within the flood
plains of the Yakima and Naches Rivers is the result of gravel
mining. The average gravel pit in the Yakima quadrangle is per-
mitted to a depth of 33 feet, covers 44 acres, and has 2 feet of
overburden (Appendix 3).

Along the Yakima and Naches Rivers and Ahtanum Creek,
there are a number of areas where mining has occurred and (or)
gravel thicknesses are greater than 25 feet (Plate 1). Along the
Yakima River, these include the southern Kittitas, Selah, and
Yakima Valleys. Deposits along the Naches River have been
divided into two separate areas: one surrounding the town of
Nile and the second from the town of Naches downstream to
Cowiche Canyon. The only potentially thick gravel deposit
along Ahtanum Creek is near the town of Tampico. The above
areas are discussed in more detail below.

YAKIMA RIVER

The Yakima River alluvium, lower terrace gravels, and Thorp
Gravel mainstream facies deposits are all mined in southern
Kittitas Valley (sec. 13, T17N, R18E). The thickest gravel we
could justify contouring in this valley is 100 feet, with a maxi-
mum thickness of 205 feet identified in a water well. The upper-
most 25 feet is generally alluvium that overlies Thorp Gravel
mainstream facies deposits. Within the valley there are two ac-
tive mines (WADNR permit nos. 10051 and 10150), two termi-
nated mines (WADNR permit nos. 10163 and 11705), and 19
borrow pits, covering a total of more than 122 acres.

The Yakima River alluvium and lower terrace deposits in
Selah Valley (sec. 31, T14N, R19E) have been intensely mined.
The thickest gravel we contoured in the area is 25 feet, with a
maximum thickness of 46 feet identified in a water well. Within
this valley there are one active mine (WADNR permit no.
10175), three terminated mines (WADNR permit nos. 10719,
10750, and 10769), one large proposed mine (WADNR permit
application no. 12846), and seven borrow pits, covering a total
of more than 570 acres. The largest active mine in the quadran-
gle is the Selah pit operated by Central Pre-Mix, which is being
mined to the underlying Ellensburg Formation. Although this pit
is the largest aggregate producer in the Yakima quadrangle, it is
almost depleted.
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Table 2. Some larger gravel pits in the Yakima quadrangle. Values in parentheses represent pre-
dicted future annual production rate for proposed mines

(sec. 28, T12N, R19E) have been exten-

sively mined. The thickest gravel we Current Apf:s(:-fvnésa te am‘:ﬂ:r:::::ctéon
contoured in this valley is 100 feet, with ~ Mine name operator Location (million tons) rate (million tons)
a maximum thickness of 102 feet identi- ] ] .
fied in a water well. Within this valley ~ Sclahpit Central Pre-Mix 13 nfnslef ;aSt ! 06
there are eight active mines (WADNR . . o e
permit nos. 10045, 10198, 10317, Newland pit Central Pre-Mix 3 m:)lfeﬁs{:’l(();lgxaeast 0.5 0.25
{?gls,;)’ t\}v(())’ltz;;n}alt:(:; fI;inlel }\SNI A’D‘;I]llc{l East Valley mine Central Pre-Mix 3.5 miles sgutheast 12 0(0.9)

> )5 (proposed) of Yakima
permit nos. 10?47 and 11519), one p.I'O- Monson pit Central Pre-Mix 1 mile east 7 0(0.5)
posed large mine, and 23 borrow pits,  (yroposed) of Selah

covering a total of more than 533 acres.

NACHES RIVER

Deposits along the Naches River near Nile (sec. 3, T15N, R15E)
are relatively thin and narrow. Only five small borrow pits are
present. The thickest gravel we contoured in the area is 25 feet,
with a maximum thickness of 49 feet identified in a water well.

Deposits along the Naches River near Naches (sec. 10,
T14N, R17E) tend to increase in thickness downstream. In the
Upper Naches Valley, the thickest gravel we contoured is 50
feet, with a maximum thickness of 70 feet identified in a water
well. In the Lower Naches Valley, the thickest gravel we con-
toured is 75 feet, with a maximum thickness of 94 feet identified
in a water well. Two terminated mines (WADNR permit nos.
10692 and 10878) together occupy 12 acres in the Upper Naches
Valley. Two mines located adjacent to one another, one active
(WADNR permit no. 10633) and one terminated (WADNR per-
mit no. 11455), together occupy 55 acres in the Lower Naches
Valley. In addition, there are a total of eight small borrow pits in
the Upper and Lower Naches Valleys.

AHTANUM CREEK

A small polygon of sand and gravel is shown along Ahtanum
Creek near Tampico (sec 17, T12N, R16E) (Plate 1). Strength
and durability testing from one pit in
this unit indicates high-quality gravel.
Well logs suggest that there may be up
to 50 feet of clean gravel within the
polygon, although distinguishing be-

in an adjacent conglomerate layer has little iron staining or cal-
cite cement, but appears to consist of approximately 50 percent
weathered andesitic clasts, supporting our decision to not in-
clude the Ellensburg Formation as a gravel resource.

A thin layer of alluvial gravel has been deposited by creeks
flowing through Ahtanum Valley (sec. 11, T12N, R17E). Well
logs commonly show about 5 feet of overburden overlying about
15 feet of clean gravel. This gravel is likely of high quality, al-
though no testing has been done in the lower valley. A layer de-
scribed as a clay-rich or cemented gravel usually lies below the
alluvial gravel. This layer is likely the sidestream facies of the
Thorp Gravel, which crops out on both sides of the valley. The
deposits in this valley are not considered significant resources
because they are thin, strength and durability tests are unavail-
able, and the underlying sidestream facies of the Thorp Gravel
rarely meets the threshold criteria of this inventory.

West of Ellensburg, Manastash Creek fans out into southern
Kittitas Valley (sec. 12, T17N, R17E). Overburden is generally
less than 5 feet thick, overlying a clean gravel layer that com-
monly contains cobbles and boulders of basalt that are some-
times angular. This gravel layer can be up to 40 feet thick. The
clean gravel is underlain by clay-rich or cemented gravel of the
sidestream facies of the Thorp Gravel, like in the lower Ahta-

Table 3. Some larger quarries in the Yakima quadrangle. Values in parentheses represent pre-
dicted future annual production rate for proposed mines

tween alluvium and Thorp Gravel
sidestream facies in the well logs is

Approximate
reserves

Approximate
annual production

difficult. Basaltic bedrock usually un-  Mine name Current operator Location (million tons) rate (million tons)
derlies this gravel deposit. Two small Rowloy it Suverior Asohalt 5 mil st . 0(03)
. R . _ owley pi uperior Asphal .5 miles southeas! .
bo;row pits are located within this poly and Concrete of Selah
gon. Anderson quarry’ Columbia 6 miles southeast 5 0.2
Ready-Mix of Yakima
OTHER AREAS ) Horseshoe Bend Ken Williamson 6.5 miles northwest 2.7 ?
Recently, interest has increased in up- of Naches
land gravel sites. No strength and dura- Ahtanum quarry Herke Rock 13 n‘glfe; sl?_uthwest ~20 0.18
bility tests are available for these grav- . ) Ot Taxima
els. so it is unknown if they meet the Rest Haven riprap Columbia 3 miles southeast 2 0.07
> L . . Ready-Mi of Selah
threshold criteria of this study. There is . cady o S ) )
an active gravel pit in Stone Quarry Thayer riprap Ellensburg Cement 5 mlllles sguth of withheld withheld
Products Ellensburg
Canyon (se(f' 27, T17N, R18E) and a Summitview quarry Yakima County 6.5 miles southwest 2 0.12
proposed mine at the southern end of , Public Works Dept. of Selah
Birchfield Road.(sec‘ 10, 'I:l,ZN, Rl 9E). Summitview quarry Ron Anderson 7.5 miles southwest 6 0.04
The proposed Birchfield pit’s main pur- of Selah

pose is for extraction of blending sand
from the Ellensburg Formation. Gravel

1 An expansion of the Anderson quarry to 70 acres with reserves of more than 20 million tons has been proposed.
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Table 4. Aggregate quality data. Asphalt-treated base specifications: Los Angeles (LA) Abrasion <30%; Degradation >15; Sand Equivalent >30%.

n/a, not applicable

Stabilometer
Area or No. of mines| Rock LA Abrasion Degradation Sand Equivalent R Value
geologic unit (permitted) | type Range Mean (n)] Range Mean (n)] Range Mean (n)] Range Mean (n)
Naches River near Nile 6 (0) gravel | 12-21 | 15.7(3) | 59-76 | 67.5(2) | 44-73 | 57.7(3) none none
. Naches Valley 14 (4) gravel | 16-20 | 17.8(4) | 73-75 | 743 (3) | 36-81 | 64.8(4) | 57-80 | 72.2(6)
E southern Kittitas Valley 24 (4) gravel | 11-18 [13.9(16) | 61-78 |68.5(12)| 21-92 |62.6 (15)| 69-80 | 76.2(7)
E‘; g Selah Valley 11 (4) gravel | 13-19 | 15.8(5) | 68-74 | 71.8(4) | 73-79 76 (2) 74-79 | 76.3 (4)
% E Yakima Valley 24 (9) gravel | 12-28 | 17.1(9) | 45-79 72 (9) 883 | 56.5(6) | 72-76 | 74.5(6)
= < Ah‘a“%f:m%‘iigk near 2000 | gravel 2000 | 79 | 790) | 60 | 60(1) | none | none
g Wenas Valley 1(D gravel 18 (1) 79 79 (1) none none none none
all alluvium 116 (26) gravel | 10.9-28 | 153 (55) | 45-84 |72.8(48)| 8-92 |63.3(49)| 57-80 |73.9 (34)
Thorp Gravel Rcg. 5() gravel 21 (1) 45 45 (1) none none none none
Tieton Andesite Qva, 5(2) andesite | none none 65 65 (1) none none n/a n/a
o Mvr, 26 (6) basalt | 10-27 | 17.7(7) | 53-88 | 71.6(7) | none none n/a n/a
§ Mvgr, 5(12) basalt | 13-21 | 16.8(4) | 83-88 | 85.8(4) none none n/a n/a
v 9 My, 32 basalt | 16-22 | 18.7(3) | 19-65 | 41.7 (3) none none n/a n/a
8 Tﬁ s My, 2(2) basalt none none none none none none n/a n/a
é o % Mv,, 5(3) basalt | 15-18 | 16.5(2) | 36-80 | 58(2) | none | none n/a w/a
M é 3} My, 8(2) basalt | 15-17 16 (2) 48-77 | 63.7(3) none none n/a n/a
g My, 24 (8) basalt | 12-31 [20.4 (11)| 44-82 | 653 (10)| 21-34 | 27.5(2) n/a n/a
g My, 1(0) basalt none none none none none none n/a n/a
8 My, 1(0) basalt none none none none none none n/a n/a
all CRBG 77 (25) basalt | 10-31 |18.5(29) | 19-88 |66.5(29) | 21-34 | 27.5(2) n/a n/a

num Valley. Within this area there are one terminated mine
(WADNR permit no. 11034) and two borrow pits, together cov-
ering more than 10 acres. This deposit is not depicted as a signif-
icant resource at this time due to the lack of strength and durabil-
ity testing.

Wenas Creek has deposited alluvium within its valley (sec.
30, TI5N, R18E). Strength and durability testing from one
gravel pit indicates high-quality material. Well logs show that
overburden thickness is usually about 5 feet, and there may be
20 feet of clean to dirty gravel overlying sandstone of the
Ellensburg Formation. This deposit is not considered a signifi-
cant resource because it does not meet our minimum thickness
criterion.

Bedrock Resources

Bedrock quarrying in the Yakima quadrangle mostly occurs
near the towns of Yakima, Selah, and Ellensburg and adjacent to
Interstates 82 and 90 (Fig. 1; Plate 1). The average commercial
bedrock quarry in the Yakima quadrangle is permitted to a depth
of 83 feet, covers 23 acres, and has one foot of overburden (Ap-
pendix 3). The two rock groups that contain large volumes of
quality bedrock are the Tieton Andesite and the Columbia River
Basalt Group.

TIETON ANDESITE

The Tieton Andesite, forming Naches Heights (sec. 35, T14N,
R17E), has been quarried on a limited scale. A number of his-
toric buildings in Yakima were constructed using this rock.
Within the Tieton Andesite there are only two terminated mines
(WADNR permit nos. 10757 and 10724), and three borrow pits,
covering a total of more than 8 acres.

COLUMBIA RIVER BASALT GROUP

The Columbia River Basalt Group is composed of about 140
separate flows. Analyses show that all flows tested contain high-
quality rock (Table 4). The entablature (Fig. 2) generally con-
tains the best rock for making crushed aggregate because col-
umns within the entablature are commonly less than 1 foot in di-
ameter and fractured. Two problems have been encountered
when mining the colonnade (Fig. 2) to produce crushed aggre-
gate. First, some of the columns are too large (>2 feet) to fitin a
typical crusher. Second, columns with platy joints (often re-
ferred to as ‘shale’) can be excessively weathered where joints
are closely spaced. Rock from vesicular tops and pillow-
palagonite bases is generally discarded in quarry operations due
to weathering and large clay contents. The vesicular tops are lo-
cally eroded away and pillow-palagonite bases occur only if the
lava cooled underwater. Fortunately, the vesicular tops and pil-
low-palagonite bases constitute less than 20 percent of each
flow. Within the Columbia River Basalt Group, there are 21 ac-
tive mines (WADNR permit nos. 10048, 10052, 10444, 10728,
10881, 11289, 11600, 11686, 11971, 12000, 12334, 12365,
12774, 12785, 12796, 12801, 12818, 12858, 12905, 12908, and
12938), four terminated mines (WADNR permit nos. 10750,
11025, 11064 and 11503), and 50 borrow pits, covering a total of
more than 525 acres.

VOLUME OF AGGREGATE

The volume of aggregate currently available in major permitted
mines was tabulated using data supplied by mine operators in
November 2000 (Tables 2 and 3). Reserves for permitted prop-
erties are based on values listed on permit applications filed with
the WADNR (Form SM-2) and augmented with information



from field investigations and personal communication with op-
erators. Reserves in tons are obtained by multiplying cubic
yards by conversion factors of 1.6 tons per cubic yard for sand
and gravel, 2.4 tons per cubic yard for basalt, and 2.2 tons per cu-
bic yard for andesite.

Depletion is estimated either by field observation or by mul-
tiplying the average annual production rate by the number of
years of past production. In many cases the operator confirmed
the percent depletion.

Currently permitted gravel pits in the Yakima quadrangle
contain about 2 million tons (1.25 million cubic yards) of aggre-
gate in reserve. The production rate for these pits is about 0.85
million tons per year (0.5 million cubic yards per year). Based
on these figures, these pits will be depleted at the earliest in just
over 2 years. Currently permitted bedrock quarries have about
46 million tons (19 million cubic yards) of aggregate in reserve.
The production rate for these quarries is 1 million tons (0.4 mil-
lion cubic yards) per year. Based on these figures, these bedrock
quarries will be depleted in about 45 years. While the depletion
calculation for gravel and bedrock mines is informative, it is
merely a snapshot in time. A number of factors can cause these
calculations to be misleading, including changing market condi-
tions, inaccuracies in reserve estimates, and the shifting of pro-
duction to new mines. Also, as quarries increase production to
adjust for the depletion of gravel pits, they will be depleted
faster than our calculation suggests.

SUMMARY

The Yakima 1:100,000 quadrangle contains a moderate volume
of high-quality gravel and abundant high-quality bedrock (Ta-
ble 4; Plate 1). In recent years, the number of permits issued for
quarries in the area has increased as the number of permits is-
sued for gravel pits has decreased. The most significant gravel
deposits are alluvium, lower terrace deposits, and Thorp main-
stream facies gravels found along the Yakima and Naches
Rivers. The most significant bedrock units are the Tieton Ande-
site and Columbia River Basalt Group.

Pits within the flood plains of the Yakima and Naches Rivers
are the major producers of sand and gravel. Crushed aggregate
and sand and gravel produced from these pits have high strength
and durability. The largest mine properties in terms of acreage
are the depleted Beech Street and Edler pits and the nearly de-
pleted Selah and Newland pits. Two new gravel pits are pro-
posed within the flood plain of the Yakima River, and one new
pit for extraction of blending sand is proposed in the Ellensburg
Formation on the north side of the Rattlesnake Hills.

The Yakima quadrangle has abundant bedrock that makes
excellent crushed aggregate (Plate 1; Table 4). While the Tieton
Andesite has not been used extensively for quarried bedrock,
field inspections and WSDOT test data suggest that the rock is
very strong. Basalt flow outcrops of the Columbia River Basalt
Group cover approximately half of the map area, and each flow
contains high-quality bedrock. All currently permitted large
quarries are located within the Columbia River Basalt Group.

The costly haul on Interstate 82 over Umtanum Ridge sepa-
rates the Kittitas Valley and Yakima Valley markets. The Yakima
Valley market consumes approximately 1.6 million tons of ag-
gregate each year while the southern Kittitas Valley market con-
sumes approximately 200,000 tons per year, bringing the total
demand in the Yakima 1:100,000 quadrangle to about 1.8 mil-
lion tons per year. Currently permitted gravel pits contain about
2 million tons (1.25 million cubic yards) of aggregate in reserve
and produce about 0.85 million tons per year (0.5 million cubic
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yards per year). Currently permitted bedrock quarries have
about 46 million tons (19 million cubic yards) of resource in re-
serve and produce about 1 million tons (0.4 million cubic yards)
per year.
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Appendix 1. Glossary of mining-related terms

The terms defined below are modified from Jackson (1997), American Geological Institute (1997), and Washington State Department of Transporta-

tion (1999).

Aggregate, construction aggregate — A mixture of sand and gravel or
sand and crushed rock used in portland cement concrete, asphaltic con-
crete, mortar, plaster, or graded fill. Gravel and crushed stone that are in
grain-to-grain contact in the aggregate are strong enough to support the
weight of roads, buildings, or other infrastructure. The sand keeps the
coarse aggregate in grain-to-grain contact by limiting the ability of the
larger particles to shift laterally.

Alluvium - Unconsolidated boulders, cobbles, pebbles, sand, silt, and
(or) clay deposited relatively recently from a stream or river and sorted
by the current velocity.

Andesite — A dark colored, extrusive volcanic rock. When it is porphy-
ritic it contains phenocrysts of plagioclase and one or more mafic min-
erals, commonly biotite, hornblende, or pyroxene. The fine-grained
groundmass consists of mineralogy similar to the phenocrysts with the
inclusion of quartz. This rock is usually deposited as lava flows or shal-
lowly intruded sills.

Asphalt — Heavy oil (tar) produced from oil wells that is used to make
asphalt roads.

Asphaltic concrete — Concrete made of asphalt and crushed aggregate.

Asphalt-treated base — A specific construction aggregate used to pre-
pare the base of an asphaltic concrete road.

Basalt— A black volcanic bedrock that is finely crystalline. Basalt is the
most common rock in the earth’s crust and forms the floor of almost all
of the oceans. In Washington, basalt covers the entire Columbia Basin
and much of the Cascade Range and high Olympic Mountains. Basalt
that erupted on land (for example, the Columbia River Basalt Group) is
hard and makes excellent crushed aggregate, whereas basalt that
erupted on the sea floor is commonly weak (for example, much of the
Crescent Formation basalts).

Batching, batch plant — A concrete manufacturing process or plant that
mixes aggregate and portland cement or aggregate and asphaltic ce-
ment to manufacture concrete. Basically, a batch plant functions like a
gigantic eggbeater and bowl.

Blend(ing) sand — Sand that is combined with coarse aggregate in order
to achieve the appropriate grading for an end product. The sand must be
clean and hard with a sand equivalent of at least 27.

Boulder — A rock fragment larger than 10 inches (256 millimeters) that
has been somewhat rounded by abrasion in the course of transport.

Cement — (1) baked limestone dust and water that glues aggregate parti-
cles together to form concrete; (2) minerals, usuvally precipitated from
hydrothermal fluids, that naturally glue the grains of a rock together
creating a hard sediment or harder rock.

Clast - A rock fragment of any size, initially broken off bedrock by the
force of water freezing in cracks or by impact from another rock. Clasts
become smaller as they roll off a hillside and (or) down a stream.

Clay — Sediment composed of particles that are plastic, consolidated
when dry, and are smaller than 0.000079 inch (0.002 millimeter). Clay
will not support weight (it behaves as a paste) because it is composed
primarily of platy clay minerals. Clay is unsuitable for use in construc-
tion aggregates, and even small amounts must be washed off coarser ag-
gregate.

Coarse aggregate — Gravel or crushed stone that is larger than % inch
(4.76 millimeters). All clasts in coarse aggregate are larger than pea
gravel (pebbles, cobbles, and boulders).

Cobble — A rock fragment larger than a pebble, but smaller than a boul-
der, having a diameter in the range of 2.5 to 10 inches (64-256 millime-
ters) that has been somewhat rounded by abrasion in the course of trans-
port.

Construction aggregate — see Aggregate

Cross-bed — A bed inclined at an angle to the main plane of stratifica-
tion. Usually indicates deposition in a delta.

Crushed stone — Bedrock, cobbles, or boulders that have been crushed
with a mechanical crusher to gravel-size rock fragments with at least
three freshly broken faces. Crushed stone makes an excellent base
course for road construction because the rock fragments tend to form an
interlocking matrix. It is the only material suitable for asphaltic con-
crete because asphalt only sticks to freshly broken surfaces.

Degradation Test — A laboratory test designed to test the durability of
rock under wet conditions. The degradation number indicates the per-
centage of rock remaining intact after tumbling with steel balls in a wet
chamber. Large numbers indicate favorable rock.

. Fine aggregate — Sand and gravel or crushed stone that will pass

through a Y-inch sieve (4.76 millimeters), but will be trapped in a 200
mesh (ultrafine) sieve.

Granite — A light gray or pink, coarsely crystalline (typically /s-inch
crystals) intrusive igneous rock composed of the hard minerals quartz
and feldspar with minor amounts of black mica and black iron-magne-
sium-rich minerals. Granite and closely related rocks can make excel-
lent construction aggregate.

Gravel — An unconsolidated natural accumulation of typically rounded
rock fragments resulting from erosion and consisting predominantly of
particles larger than sand, such as boulders, cobbles, and pebbles, in
any combination.

Intrusive rock — Igneous rock that was emplaced below the earth’s sur-
face as a magma that cooled very slowly to form a coarsely crystalline
rock.

Kame — A hummock, terrace, or short ridge composed of stratified sand
and gravel deposited at the margin of a glacier as a delta or fan. In
Washington, the term is generally applied to landforms created by de-
position in the low area between the margin of a glacial ice sheet and the
confining hills. After the ice has melted away, a high-quality sand and
gravel deposit frequently remains.

Limestone — A rock composed of the mineral calcite. Normally, these
are rocks deposited in the ocean from materials that are by-products or
remnants of shells. Limestone is an important source of construction
aggregate in much of the nation.

Los Angeles Abrasion Test — A laboratory test to assess the strength of
aggregate under dry conditions. A 100-pound sample is placed in a tum-
bler resembling a washing machine with a tungsten carbide ball weigh-
ing about five pounds. The tumbler is revolved 500 times and then the
sample is passed through a U.S. Standard No. 4 sieve. The larger the
percent of the sample that passes through the sieve, the weaker the sam-
ple. The Los Angeles Abrasion number indicates the percent of the
sample that has passed through the sieve.

Outwash — Sand, gravel, and coarser round rock deposited from
streams and rivers issuing from alpine or continental (ice-age) glaciers.
Proximal outwash was deposited relatively close to the snout of a gla-
cier and is poorly sorted and has a large fraction of cobbles and boul-
ders. Distal outwash was deposited miles from the edge of the glacier
and is relatively well sorted and dominated by sand.

Overburden — The material that overlies an aggregate or mineral re-
source and must be removed before mining the underlying material.

Pebble — A stone, usually rounded by water transport, '/s to 2.5 inches
{(4—64 millimeters) in diameter—the size of a small pea to that of a ten-
nis ball.
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Pebble imbrication — A sedimentary fabric characterized by disk-
shaped or clongate pebbles dipping in a preferred direction at an angle
to the bedding. It is commonly displayed by pebbles on a stream bed,
where flowing water tips the pebbles so that their flat surfaces dip up-
stream.

Pit — This term is restricted herein to sand and gravel mines, regardless
of size. A borrow pit is a small (<3 acre) mine that periodically pro-
duces unprocessed gravel and other sediment, generally for use as fill.

Pit run — Unprocessed material taken directly from the undisturbed
geologic formation.

Portland cement - Cement made by heating limestone to about 2,700°F
(calcining) to form lime. This lime is mixed with small amounts of wa-
ter and dries to a hard adhesive that can glue aggregate together to form
portland cement concrete, Portland cement by itself does not have great
compressive strength, and it is costly because of the heat used in its
manufacture. For these reasons, aggregate is added to form concrete.
The gravel in portland cement concrete has great compressive strength
and adds inexpensive filler to the mix.

Quarry — Used exclusively herein for mines that produce aggregate by
blasting bedrock.

Round rock, round rock aggregate — Coarse aggregate that has been
rounded by the process-of stream or glacial transport. It generally has
greater value than crushed aggregate because it is less expensive to
mine, easy to mix in batch plants, and easy to finish to a smooth surface
with trowels or other tools when used in concrete. Asphalt does not ad-
here effectively to round rock aggregate.

Sand Equivalent Test — A laboratory test that measures the cleanness
of a sample in terms of the relative proportion of fine-grained dust or
clay. High numbers indicate less dust and (or) clay, whereas low num-
bers indicate greater plasticity. Favorable samples have values greater
than 30.

Silt - Sediment composed of particles that are unconsolidated or poorly
consolidated when dry and will pass a U.S. Standard No. 200 sieve
(0.0025 inch or 0.074 millimeter) but are larger than clay (0.000079
inch or 0.002 millimeter). Silt has little or no cohesive strength because
it contains a small proportion of clay minerals. Abundant silt can render
a gravel deposit unsuitable for use in construction aggregates.

Specific gravity — The specific gravity of a sample is the weight of the
substance relative to the weight of an equal volume of water. The spe-
cific gravities of water, weak aggregate, granite, limestone, and basalt
are 1.0, 1.95, 2.65, 2.72, and 3.2 grams per cubic centimeter, respec-
tively.

Stabilometer R Value Test — A laboratory test that measures horizontal
deformation when a vertical weight is applied. High numbers indicate
stronger materials. Favorable samples have values greater than 70.

Till - Very poorly sorted clay, silt, sand, gravel, cobbles, and boulders
deposited directly from glacial ice in the form of a moraine or a com-
pact blanket of sediment under the ice. Generally, till is unsuitable for
construction aggregate.



Appendix 2. Methods

INVENTORY PHILOSOPHY

Two end-member philosophies for resource inventory have
been employed in Washington: (1) strictly factual reporting
showing only those sand, gravel, and bedrock resources that
have been proven to exist because they are part of active mines,
and (2) a speculative approach that reports all of the potential
aggregate deposits that might exist, as determined from surficial
geologic or soils mapping. Both approaches have shortcomings.
The first phllosophy results in underestimation of available ag-
gregate in any given area by ignoring high-quality deposits that
have not been mined. The second philosophy results in overesti-
mation of the resource because this method cannot adequately
account for the heterogeneous nature of aggregate-bearing geo-
logic units. In this study, we attempt to achieve a balance be-
tween these two philosophies using a method developed by Wil-
liam S. Lingley, Jr. (Loen and others, 2001) that includes the
geologic and engineering criteria described below.

The accuracy of any assessment of undiscovered gravel or
bedrock resources, whether performed as a proprietary explora-
tion project or as a governmental or academic research study, is
largely controlled by the quantity and quality of available
subsurface data. As a general rule, subsurface information is not
readily available for undeveloped deposits. Consequently, min-
eral economists categorize resources based on degree of cer-
tainty that any given deposit actually exists, mainly as deter-
mined from subsurface and other data.

The most commonly used categories are identified and un-
discovered reserves, which are further subdivided as shown on
Table 5. In order to demonstrate that an identified (or commer-
cially viable) resource exists, the geology of the deposit must be
very well known and (or) the deposit must have been defined by
closely spaced exploratory drilling. Such costly work is beyond
the scope of this study. Conversely, studies that rely solely on
surficial information in order to delineate speculative undiscov-
ered reserves are of little value to industry and have led to poor
land-use decisions.

In this study, we mapped hypothetical (and some specula-
tive) undiscovered reserves throughout the state as defined in
Table 5 and shown on Plate 1. The most widely available source
of subsurface geological data for mapping hypothetical reserves
is water-well logs, but the accuracy of information on these logs
is generally very poor or even misleading. To reduce the inher-
ent uncertainty introduced by use of these logs, we depict hypo-
thetical reserves only where the average of data from several
water wells, together with other information such as landform
analysis (geomorphology), geotechnical bores, outcrop descrip-
tions, hydrologic data, and mine data allow reasonable extrapo-

lation of surficial data into the subsurface. These hypothetical
reserves are shown on Plate 1 with isopachs (thickness contours)
for the gravel deposits. Elsewhere, speculative undiscovered re-
serves are mapped, but only where several data sets strongly
suggest the presence of a deposit meeting the threshold criteria.
These speculative reserves are shown on Plate 1 as simple poly-
gons showing the extent of high-quality sand, gravel, or bedrock
at the surface.

DEFINITION OF SIGNIFICANT RESOURCES

This study is limited to assessing significant aggregate re-
sources. Significant aggregate resources are defined herein as
those hard and durable sand and gravel or bedrock deposits that
are likely to yield at least 10 million cubic yards of recoverable
aggregate. Ten million cubic yards is the approx1mate volume
necessary to maintain existing infrastructure in a 100,000-per-
son market during the 20-year period mandated by the Growth
Management Act, calculated as follows. Lingley and Manson
(1992) estimated that the total annual per capita demand for
sand, gravel, and crushed rock products in Washington is ap-
proximately 12 cubic yards. An informal rule of thumb used in
industry and government is that about half of the demand for
construction aggregates in any market will be used to repave
roads, rebuild bridges, and remodel existing buildings, and half
is used for new construction. Therefore, a hypothetical mainte-
nance level of production for a 100,000-person market can be
approximated as follows:

100,000 persons x 12 cubic yards/year x 20 years x 50%
= ~10 million cubic yards

Keep in mind that local governments are required to desig-
nate at least double this volume for every 100,000 people in or-
der to comply with the Growth Management Act in accounting
for new construction as well as maintenance (Lingley and
Jazdzewki, 1994).

THRESHOLD CRITERIA USED IN
PREPARING THIS INVENTORY

Inherent weaknesses in many common lithologies in the earth’s
crust, such as claystone or layered sedimentary and metamor-
phic rocks, coupled with unfavorable alteration and weathering
processes render much of the outcropping bedrock and gravel
unsuitable for construction aggregates. Furthermore, extraction
or development costs may exceed expected return under current
market conditions. In order to reduce the probability of includ-
ing weak or insignificant resources, we have developed the fol-

Table 5. Classification of gravel and bedrock resources (modified from U.S. Geological Survey, 1976)

IDENTIFIED RESERVES

UNDISCOVERED RESERVES

Measured Indicated

Inferred

Hypothetical Speculative

Deposit whose engineering
properties, reserves in tons or
cubic yards, and grain sizes
are measured with a margin
of error <20% (that is, a mine
or a well-drilled prospect)

Deposit whose measure-
ments, together with reason-

be used to compute reserves
in tons or cubic yards

Reasonable extension of
indicated or measured deposit | may reasonably be expected
able geologic projections, can | (generally <0.50 miles);
thickness contours can be
drawn with confidence

Undiscovered resources that | Unexplored surficial deposit
with no subsurface data

to exist; applicable where
landforms, water wells, prox-
imal mines, or geophysical
data justify such extension

Active mine Densely drilled deposit

control

Deposit with good subsurface

Possible deposit defined only
by poor subsurface control

Possible deposit; surficial
data only
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lowing threshold criteria to determine which resources should
be included in our inventory.

THICKNESS—Only those deposits that are known or likely to
exceed 25 feet (~7.5 meters) in the thickest portions are de-
picted. Thin gravel deposits rarely contain significant reserves.
For example, a 20-foot-thick deposit covering 20 acres would
yield only about 500,000 cubic yards of sand and gravel, and the
value of the gravel might not exceed proceeds from selling the
land in its undisturbed state for its real estate value. Moreover,
current mining technology does not allow efficient excavation
of thin veneers of sediment or bedrock. Thin deposits must
spread over a large area in order to contain a significant volume
of gravel, but relatively inexpensive excavating equipment (that
is, front-end wheel loaders) cannot be used to carry pit run long
distances within the mine. Finally, thinner deposits require
greater surface disturbance per unit of aggregate produced, and
damage to the plant/soil ecosystem increases in proportion to the
surface area of mining. Therefore, permitting costs per unit of
resource generally increase as a function of decreasing thick-
ness.

SURFACE AREA AND DIMENSIONS OF THE DE-
POSIT—Gravel deposits are seldom more than 100 feet thick
and, consequently, the deposit must cover a large area to contain
significant volumes of construction aggregate. The smallest
geologic polygons inventoried as significant gravel resources
cover at least 0.25 square miles (160 acres). The volume of a 50-
foot-thick gravel unit of this size would be about 10 million cu-
bic yards. Additionally, we map only those deposits that have
minimum widths of 1,500 feet. As noted above, deposits with
long, narrow map patterns are generally inefficient to operate.
Although environmental issues are not considered herein, long
narrow deposits are generally associated with rivers or streams
where mining cannot take place owing to environmental consid-
erations.

The surface area of each deposit was initially estimated us-
ing 1:100,000-scale geologic maps compiled by the Washington
Division of Geology and Earth Resources (Schuster, 1994;
Walsh, 1986) and other geologic maps (Bentley and others,
1980; Bentley and Campbell, 1983a,b; Campbell, 1976; Camp-
bell and Gusey, 1992; Swanson, 1967; Swanson and Wright,
1978). The resulting polygons were modified where the portion
of the deposit meeting the threshold criteria is less extensive
than the mapped surface area of the deposit. Most of the geo-
logic polygons depicted on this compilation contain existing
mines or engineering tests of outcrops that prove at least some of
the rock or sediment meets the threshold criteria. This approach,
taken to expedite the inventory process, probably results in
omission of a few significant resources.

OVERBURDEN—Only those deposits that have stripping ra-
tios (ratios of overburden to gravel or overburden to rock) of less
than 1 to 3 are included in this inventory. Overburden can cost
from $0.35 to more than $1.50 per ton to remove. Typically,
miners try to achieve a net profit of $1.00 per ton, so the overbur-
den volume must be much less than the volume of underlying
aggregate if the mine is to be commercially viable. The stripping
ratio can be larger where supply restrictions, favorable topogra-
phy, or other considerations allow the overburden to be removed
profitably. The largest stripping ratio for a profitable mine in
Washington was 1 to 2, or 0.50.

The practice of topsoil sales and (or) synthesis is one method
of profitably disposing of thicker organic or clay-rich overbur-
den, but as a general rule, most overburden must be saved for
reclamation (Norman and others, 1998; Norman and Lingley,

1992). Historically, few gravel deposits with more than 10 feet
of overburden have been mined.

STRENGTH AND DURABILITY—In order to perform ade-
quately as construction aggregate, gravel or bedrock must have
high compressive strength and resist degradation when wet.
Without these characteristics, the aggregate cannot support the
weight of roads or buildings. Much of the vertical compressive
strength, or load-bearing capacity, comes from grain-to-grain
contact among individual pebbles that are effectively stacked up
and prevented from shifting by cement and fine aggregate.
Stronger aggregate commands a higher price, but weak rock is
of no use. Minimum specifications for strength and durability of
various rock products are published by the Washington State
Department of Transportation in the Standard Specifications for
Road, Bridge, and Municipal Construction, 2000 (Washington
State Department of Transportation, 1999), a key reference
book for the industry that is updated periodically. Specifications
for gravel and bedrock are determined with laboratory tests in-
cluding Los Angeles Abrasion, Degradation, Sand Equivalent,
Specific Gravity, and Stabilometer tests (Appendix 1). Table 1
identifies some of the specifications required for certain uses of
aggregate.

For this study, we inventory gravel and bedrock that meet
WSDOT specifications for asphalt-treated base (Table 1). As-
phalt-treated base is a compacted layer of aggregate treated with
asphalt for stability and weatherproofing and placed directly on
bulldozed earth or rock of the subgrade. The minimum accept-
able test results are: Los Angeles Abrasion <30%, Degradation
215, Sand Equivalent 230%, specific gravity >1.95 grams per
cubic centimeter, and weight percent passing a U.S. Standard
No. 200 sieve <9%. If most of the deposit appears to meet these
specifications, then we depict the entire deposit as meeting the
strength and durability threshold criteria (Plate 1; Appendices 3
and 4).

OTHER CONSIDERATIONS—Typically, sand and gravel
deposits should have a sand-to-gravel ratio of 40:60 and be free
of weak or deleterious materials such as foliated metamorphic
rock, poorly indurated clasts, clay, iron oxides, sulfides, glassy
volcanic rock, and organic matter (Kroft, 1972; Washington
State Department of Transportation, 1999).

SOURCES OF DATA

The locations of most mines in Washington are given in Lingley
and Manson (1992). Data for existing and terminated mines are
archived in Washington Department of Natural Resources per-
mit files, Washington State Department of Transportation pit
site files, and U.S. Forest Service mine files. The thicknesses of
mined units, for example, are taken from Washington Depart-
ment of Natural Resources Form SM-2 or from other permit-re-
lated documentation such as Environmental Impact Statements.
The surface extent of geologic units are depicted on Washington
Division of Geology and Earth Resources 1:100,000-scale geo-
logic maps (Schuster, 1994; Walsh, 1986). Hydrology studies
are particularly useful in assessing the stratigraphy of gravel de-
posits. Such reports are included in various types of environ-
mental documentation, wellhead protection studies, and water
resource reports. Logs of geotechnical bores (for example, bores
for foundation engineering studies) are frequently useful. Wa-
ter-well logs and some logs of geotechnical borings are archived
by the Washington Department of Ecology and the Washington
State Department of Transportation, respectively.



Appendix 3. Mine Database

This database contains information about most small active and
terminated borrow pits or quarries and large active, terminated,
and proposed mines in the Yakima 1:100,000 quadrangle. All of
the borrow pits, quarries, and mines in this database are plotted
on Plate 1. The information contained herein is available digi-
tally as part of the geographic information system (GIS) files for
the Yakima quadrangle. The columns that are not self-explana-
tory are defined as follows:

WADNR unique number — The Washington Department of Nat-
ural Resources (WADNR) unique number used by the geo-
graphic information system (GIS) to relate a feature on Plate 1 to
arow in the database. The first four digits of the number identify
the 7.5-minute quadrangle map in which the mine is located.
The last four digits are a unique number in each 7.5-minute
quadrangle.

WADNR data type code — The code number that indicates the
type and size of the mine, as follows: 15 = small borrow pit or
quarry (point); 16 = small terminated/depleted borrow pit or
quarry (point); 18 = large active mine (polygon); 21 = large ter-
minated/depleted mine (polygon); 22 = large proposed mine
(polygon). -

WADNR permit number — The five-digit number on Washing-
ton Department of Natural Resources Form SM-2, Application
for Surface Mining Reclamation Permit (for a permitted mine).

WSDOT site number — The number assigned by the Washington

State Department of Transportation (WSDOT) that links results

of strength and durability testing to a particular mine. The num-

ber consists of a letter that identifies the county the site is in, fol-
fflowed by a sequentially assigned number.

Y% Y section, Y% section, Section, Township, Range, Meridian —
Legal description of the mine with reference to the Government
Land Office grid. Townships and ranges are shown on Plate 1.

Product — The material being mined: rock, sand, or gravel.

Rock type — The type of rock that is being quarried at the site, if
the mine is a quarry.

Geologic unit — The short label that identifies a particular unit
on a geologic map. This field indicates the unit in which the
mine is located as identified in Walsh (1986) and Schuster
(1994), using the updated geologic unit labels consistent with
Schuster (1994). Some units are described in Appendix 6.
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Qualifier — Indicates either that the thickness shown in the adja-
cent column is exact because the mine penetrates all the way
through the resource (blank) or that the actual resource thick-
ness is greater than the thickness reported because the bottom of
the resource was not identified (>).

Resource thickness (feet) — The thickness, in feet, of the sand,
gravel, or bedrock that is being mined.

Million cubic yards — The estimated volume (in millions of cu-
bic yards) of aggregate resource present within the permitted
boundary of a mine as of November 2000. .

Million tons — The reserve weight calculation based on reserve
volume estimates. Conversion factors are 1.6 tons per cubic yard
for sand and gravel, 2.4 tons per cubic yard for basalt and gab-
bro, and 2.2 tons per cubic yard for siliceous igneous rocks.

Acres — Typically the number of acres permitted on Washington
Department of Natural Resources Form SM-2, Application for
Surface Mining Reclamation Permit. For unpermitted mines, in-
dicates the estimated area of the mine. Includes not only areas of
aggregate extraction, but also all operations associated with the
mine (stockpiling, crushing, screening, scales, etc.).

Percent depletion — The percentage by which the resource
within the mine boundary has been depleted by mining, deter-
mined by communication with the mine operators or by field in-
vestigations.

Overburden thickness (feet) — The thickness, in feet, of soil,
clay, or non-commercial aggregate that must be removed in or-
der to reach the aggregate resource.

Stripping ratio — The overburden thickness divided by the re-
source thickness. A value of less than 0.33 (ratio of less than 1:3)
is preferred.

Los Angeles Abrasion, Degradation, Specific Gravity, Sand
Equivalent, and Stabilometer R Value tests — Results of labora-
tory tests, conducted mainly by the WSDOT, that reflect the
quality of the deposit. See the glossary (Appendix 1) for expla-
nation of tests.

Percent >2% inches, Percent %-2% inches, Percent <% inch,
Percent <U.S. No. 200 sieve — Results of laboratory grain-size
analysis of samples. Values are given in weight percent. The
first three fields divide the whole sample, and the fourth field re-
fers to the amount of silt and clay in the entire sample.
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Appendix 4. Outcrop Database

This database contains information about outcrops on which
strength and durability testing was performed, but mining did
not take place. These locations are plotted on Plate 1. The infor-
mation contained herein is available digitally as part of the
geographic information system (GIS) files for the Yakima
1:100,000 quadrangle. The columns that are not self-explana-
tory are defined as follows:

WADNR unique number — The Washington Department of Nat-
ural Resources (WADNR) unique number used by the geo-
graphic information system (GIS) to relate a feature on Plate 1 to
arow in the database. The first four digits of the number identify
the 7.5-minute quadrangle map in which the outcrop is located.
The last four digits are a unique number on each 7.5-minute
quadrangle.

WADNR data type code — The code number that indicates the
type of investigation, as follows: 13 = strength and durability
outcrop test location (point).

WSDOT site number — The number assigned by the Washington
State Department of Transportation (WSDOT) that links results
of strength and durability testing to a particular outcrop. The
number consists of a letter that identifies the county the site is in,
followed by a sequentially assigned number.

Y% Vi section, Y4 section, Section, Township, Range, Meridian —
Legal description of the outcrop with reference to the Govern-
ment Land Office grid. Townships and ranges are shown on
Plate 1.

Product — The material of interest at the location: rock, sand, or
gravel.

Rock type — The type of rock at the location, if the outcrop is a
bedrock unit.

Geologic unit — The short label that identifies a particular unit
on a geologic map. This field indicates the unit in which the out-
crop is located as identified in Walsh (1986) and Schuster
(1994), using the updated geologic unit labels consistent with
Schuster (1994). Some units are described in Appendix 6.

Qualifier — Applies only to the deepest resource thickness re-
ported (see following columns) and indicates either that the

thickness is exact because the whole section could be measured
(blank) or that the actual resource thickness is greater than the
thickness reported because the bottom of the resource was not
identified (>).

1st resource thickness (feet), 1st interbed thickness (feet), 2nd
resource thickness (feet) — These fields refer to the bedding
identified in the outcrop by the authors, starting at the top. ‘Re-
source thickness’ refers to the thickness of a likely aggregate re-
source, whereas ‘interbeds’ are non-commercial materials such
as silt and clay.

Dip, Strike — Indicate orientation of sedimentary bedding in a

bedrock resource; if horizontal or no data, fields are blank.

Induration — The relative quality of a rock as determined in the
field with a one-pound ball peen hammer. Estimates range from
rebound (highest quality) through fracture, pit, and dent (lowest
quality).

Overburden thickness (feet) — Thickness, in feet, of soil, clay,
or non-commercial aggregate that must be removed in order to
reach the aggregate resource.

Stripping ratio — The overburden thickness divided by the re-
source thickness. A value of less than 0.33 (ratio of less than 1:3)
is preferred.

Los Angeles Abrasion, Degradation, Specific Gravity, Sand
Equivalent, and Stabilometer R Value tests — Results of labora-

" tory tests, conducted mainly by the WSDOT, that reflect the
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quality of the deposit. See the glossary (Appendix 1) for expla-
nation of tests.

Lab (L) or visual (V) — This code indicates whether grain-size
analysis is from a laboratory test (L) or estimated visually in the
field (V). :

Percent >2% inches, Percent Y%—2% inches, Percent <% inch,
Percent <U.S. No. 200 sieve — Results of laboratory grain-size
analysis of samples. Values are given in weight percent. The
first three fields divide the whole sample, and the fourth field re-
fers to the amount of silt and clay in the entire sample.
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Appendix 5. Well Database

This database contains information about all water wells and
geotechnical bores that are plotted on Plate 1. The information
contained herein is available digitally as part of the geographic
information system (GIS) files for the Yakima 1:100,000 quad-
rangle. The columns that are not self-explanatory are defined as
follows:

WADNR unique number — The Washington Department of Nat-
ural Resources (WADNR) unique number is used by the geo-
graphic information system (GIS) to relate a feature on Plate 1 to
arow in the database. The first four digits of the number identify
the 7.5-minute quadrangle map in which the well is located. The
last four digits are a unique number on each 7.5-minute quadran-
gle.

WADNR data type code — The code number that indicates the
type of drill hole, as follows: 11 = water well (point); 12 =
geotechnical or other bore (point).

WADOE well number — One of a variety of numbers found on
the Washington Department of Ecology (WADOE) water-well
report forms. The possible types include start card, application,
or permit numbers.

Data verified? — Relates to the quality of data. ‘Y’ indicates that
the drill log is from a geotechnical bore or has been verified by a
consulting firm; otherwise, the field is blank.

Well location — Gives the street address of the well or the nearest
geographical feature. Washington State Department of Trans-
portation bores are referenced to the bridge, intersection, or
street location where the bore is drilled.

Y % section, Y section, Section, Township, Range, Meridian —
Legal description of the well with reference to the Government
Land Office grid. Townships and ranges are shown on Plate 1.
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Geologic unit — The short label that identifies a particular unit
on a geologic map. This field indicates the unit in which the well
is located on the surface as identified in Walsh (1986) and
Schuster (1994), using the updated geologic unit labels consis-
tent with Schuster (1994). Some units are described in Appen-
dix 6.

Qualifier — Applies only to the deepest gravel thickness re-
ported (see following columns) and indicates that either the
thickness is exact because the whole layer is penetrated by the
well (blank) or that the actual gravel thickness is greater than the
thickness reported because the bottom of the gravel was not
identified in the well log (>).

Overburden thickness (feet) — The thickness, in feet, of soil,
clay, or non-commercial aggregate that must be removed in or-
der to reach the aggregate resource.

1Ist gravel thickness (feet), 1st interbed thickness (feet), 2nd
gravel thickness (feet), 2nd interbed thickness (feet), 3rd
gravel thickness (feet) — These fields refer to the interpretation
of the well log by the authors, starting at the ground surface.
‘Gravel thickness’ refers to the thickness of a likely aggregate
resource, whereas ‘interbeds’ are non-commercial materials
such as silt and clay.

Depth to water-bearing zone (feet) — Gives depth, in feet, to top
of the first water-bearing unit encountered during drilling.

Bedrock penetrated? - This column contains eithera Y (yes), N
(no), or blank (unknown) indicating whether or not the well was
drilled to the depth of bedrock.

Reference — The source of data for the well log, if other than the
Washington Department of Ecology water-well log archives.
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Appendix 6. Geologic descriptions of significant and (or)
historically mined units

This appendix includes unit descriptions for geologic units that
have been mined for construction aggregates and (or) that have
potential to produce gravel or bedrock meeting the threshold cri-
teria of this study. These descriptions are intended for geologists
and engineers and contain a number of terms that are not in-
cluded in the glossary (Appendix 1). For complete descriptions
of all geologic units in the Yakima quadrangle, the reader is re-
ferred to Walsh (1986) and Schuster (1994).

SAND AND GRAVEL UNITS

Qa

Qt

Qaf,
Qafo

QRcg

Alluvium (Holocene)—Unconsolidated deposits of
gravel, sand, silt, and clay along flood plains of rivers
and creeks and in valley bottoms. Gravel and sand de-
posits dominate along rivers, while sand, silt, and clay
dominate along smaller creeks. This unit also contains
interbedded tephra lenses derived from late-Quater-
nary Cascade eruptions, such as the Mazama and
Mount St. Helens tephras. (Description compiled from
Bentley and others, 1980.)

Terrace deposits (Holocene to Pleistocene)—Three
distinct terrace deposits present throughout the
Yakima quadrangle. The terraces are associated with
sediment influxes to the Yakima River as a result of
glaciation during the Pliocene and Pleistocene. Camp-
bell (1983) divided the deposits into lower, middle,
and upper levels at 16, 30, and 200 feet (S, 10, and 60
meters), respectively, above the current flood plain.
(Description compiled from Campbell, 1983.) In this
study, only the lower terrace and parts of the middle
terrace were identified as possible future gravel re-
sources. The clasts of the upper terrace generally are
highly weathered and cemented (Campbell, 1983) and
thus would probably not meet the threshold criteria of
this inventory.

Alluvial fan (Holocene to Pleistocene)—Fluvial
clay, silt, sand, and gravel generally derived from
rapid runoff and flash flooding. Clasts are typically an-
gular to subangular and poorly sorted. (Description
compiled from Campbell and Gusey, 1992.) Small
borrow pits are common within these fan deposits, but
the unit is generally considered a poor gravel resource
and not economically viable for large-scale mining op-
erations.

Continental sedimentary deposits or rocks, con-
glomerate (Pleistocene to Pliocene)—Alluvial fan
and terrace remnants consisting of coarse sand and
gravel with local fine sand and silt lenses. Clasts are
dominantly basalt. The unit is slightly to moderately
weathered and is associated with steep slopes of anti-
clinal ridges. The age of this unit is uncertain, but it
may be in part correlative with Thorp Gravel. (De-
scription compiled from Walsh, 1986.) No strength or
durability testing has been performed on this unit, and
it is not considered a significant resource.
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Thorp Gravel (Pliocene)—A weakly cemented,
deeply weathered gravel unit that unconformably
overlies the Ellensburg Formation. The Thorp Gravel
is divided into two facies: the mainstream facies and
the sidestream facies. The mainstream facies consists
of subrounded to rounded chert and durable silicic to
intermediate volcanic clasts. Gravels of the main-
stream facies along the axis of the Yakima River are
included in this inventory. Well logs examined near
the Yakima River in the Kittitas Valley indicate that a
thick sequence of mainstream gravels underlies the
modern Yakima River flood plain to a depth of 200
feet. The sidestream facies consists of angular to sub-
rounded cobbles composed entirely of basalt derived
from the Columbia River Basalt Group. Sidestream fa-
cies terraces occur widely throughout the quadrangle,
but none of these deposits are included in the inventory
because the clasts typically have thick weathering
rinds, are heavily oxidized, and are cemented in a clay
matrix. (Description compiled from Waitt, 1979.)

Ellensburg Formation, undivided (upper and mid-
dle Miocene)—Weakly to moderately indurated flu-
vial and laharic deposits consisting of gravel, sand,
silt, and clay. These white to light red-brown deposits
are dominated by pumiceous dacitic, andesitic, and ba-
saltic clasts. The base of the Ellensburg Formation is
defined as the top of the locally lowermost flow of Co-
lumbia River Basalt Group, but the unit includes all
conformably underlying sediments of similar lithol-
ogy beyond the edge of lowermost basalt flow. The top
of the unit is defined as the base of the Thorp Gravel or
other Pliocene(?)-Pleistocene units. To the east, this
unit intertongues with flows of the Columbia River
Basalt Group. (Description compiled from Walsh,
1986.) Many small borrow pits are located within this
unit, but because the clasts are highly weathered and
weak, this deposit is not considered a gravel resource.
However, some of the coarse sand layers within this
unit may be useful as blending sand if combined with
coarse aggregate from another unit.

BEDROCK UNITS
Tieton Andesite

QVati

Tieton Andesite (Pleistocene)—Phyric hypersthene
augite andesite, approximately 1 million years old.
This unit is dark gray with abundant plagioclase
phenocrysts and some minor tephras. The Tieton An-
desite originated near the Goat Rocks area, and the one
flow on the Yakima quadrangle reached the area near
the Naches River—Yakima River confluence. This
intercanyon flow averages 100 feet thick and underlies
Naches Heights. (Description compiled from Camp-
bell and Gusey, 1992.) This rock is extremely hard and
durable and is considered a significant resource.



Columbia River Basalt Group
SADDLE MOUNTAINS BASALT

Mvg

Mvsem

Mvgp

Mvge

Mvg,

Mvgyc

Saddle Mountains Basalt, undivided (upper and
middle Miocene)—The youngest formation of flows
in the Columbia River Basalt Group. It contains ten
members (Bentley and others, 1980), six of which crop
out in the Yakima quadrangle (Schuster, 1994; Walsh
1986). This rock is extremely hard and durable and is
considered a significant resource.

Elephant Mountain Member (upper Miocene)—
Single fine-grained, normal to transitionally magne-
tized basalt flow that is aphyric to sparsely plagio-
clase-phyric. Black to blue-black on a fresh surface,
the unit weathers gray. The flow is usually less than 50
feet thick and has a relatively short colonnade with
many vesicle sheets. The unit crops out on the Rattle-
snake Hills, southeast of Elephant Mountain. (De-
scription compiled from Bentley and others, 1980;
Schuster, 1994.) This rock is extremely hard and dura-
ble and is considered a significant resource.

Pomona Member (middie Miocene)—Single fine- to
medium-grained, reversely magnetized basalt flow
with scattered plagioclase phenocrysts. Gray to blue-
black on a fresh surface, the unit weathers gray. The
flow is usually 180 feet thick and typically has small,
fanning columns in the entablature and is often under-
lain by the Selah Member of the Ellensburg Formation
in the Yakima quadrangle. The unit crops out on south-
ern side of Umtanum Ridge near Selah Butte, on
Yakima Ridge, and in the Rattlesnake Hills. (Descrip-
tion compiled from Bentley and others, 1980; Schus-
ter, 1994; Walsh, 1986.) This rock is extremely hard
and durable and is considered a significant resource.

Esquatzel Member (middle Miocene)—Single fine-
grained, normally magnetized basalt flow that is
sparsely phyric with plagioclase and clinopyroxene
phenocrysts and glomerocrysts less than 5 millimeters
across irregularly distributed in flow. Blue-black on a
fresh surface, the unit weathers gray. This unit is an
intercanyon flow that crops out near Selah Butte on
Yakima Ridge. (Description compiled from Bentley
and others, 1993; Schuster, 1994.) This rock is ex-
tremely hard and durable and is considered a signifi-
cant resource.

Asotin Member (middle Miocene)—Single fine-
grained, normally magnetized basalt flow that is
sparsely plagioclase-phyric. Blue-black on a fresh sur-
face, the unit weathers gray. This unit is an inter-
canyon flow that crops out on Yakima Ridge. This ba-
salt flow is also known as the Huntzinger Flow. (De-
scription compiled from Bentley and others, 1993;
Schuster, 1994; Walsh, 1986.) This rock is extremely
hard and durable and is considered a significant re-
source.

Wilbur Creek Member (middle Miocene)—Single
fine-grained, normally magnetized basalt flow that is
aphyric with plagioclase microphenocrysts and rare
phenocrysts. Black to blue-black on a fresh surface,
the unit weathers gray-black. The unit crops out as an
intercanyon flow along Yakima Ridge, south of the

Mvg,
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Yakima Training Center. (Description compiled from
Bentley and others, 1993; Schuster, 1994; Walsh,
1986.) This rock is extremely hard and durable and is
considered a significant resource.

Umatilla Member (middle Miocene)-—Single fine-
grained or rarely medium-grained, normally magne-
tized basalt flow that is aphyric to very sparsely
plagioclase-phyric. Black to blue-black on fresh sur-
faces, the unit weathers gray to red-orange. The flow is
usually 100 feet thick and crops out on Ahtanum
Ridge, in the Rattlesnake Hills, and as an intercanyon
flow on Yakima Ridge. (Description compiled from
Bentley and others, 1993; Schuster, 1994.) This rock is
extremely hard and durable and is considered a signifi-
cant resource.

WANAPUM BASALT

Mv,,

Mva,

Mvyr

Mvyrs

Wanapum Basalt, undivided (middle Miocene)—
The middle formation of flows in the Columbia River
Basalt Group. It contains four members, three of which
crop out in the Yakima quadrangle (Schuster, 1994;
Walsh, 1986). This rock is extremely hard and durable
and is considered a significant resource.

Priest Rapids Member (middle Miocene)—Two
medium- to coarse-grained, reversely magnetized ba-
salt flows that are diktytaxitic and aphyric with rare
plagioclase and olivine phenocrysts. Gray-black on
fresh surfaces, the unit weathers rusty brown. The
member is usually 200 feet thick and the flows have
well-developed colonnades with 1.5- to 5-foot diame-
ter columns. This unit crops out on Yakima Ridge and
within the Yakima Training Center. (Description com-
piled from Bentley and others, 1980; Bentley and oth-
ers, 1993; Schuster, 1994; Walsh, 1986.) This rock is
extremely hard and durable and is considered a signifi-
cant resource.

Roza Member (middle Miocene)—One or two fine-
to medium-grained, normally magnetized basalt flows
that have abundant plagioclase phenocrysts and glom-
erocrysts and are locally diktytaxitic. Gray-black on
fresh surfaces, the unit weathers reddish brown. The
member is usually 85 feet thick, and the flows usually
have a well-developed colonnade with columns upto 3
feet in diameter. The member crops out mainly in the
eastern half of the quadrangle and on Yakima and
Umtanum Ridges. (Description compiled from Bent-
ley and others, 1980, 1993; Schuster, 1994; Walsh,
1986.) This rock is extremely hard and durable and is
considered a significant resource.

Frenchman Springs Member (middle Miocene)—
Six fine- to medium-grained, normally magnetized ba-
salt flows usually with moderate to abundant plagio-
clase phenocrysts, but some flows are aphyric or
sparsely phyric. Gray to black on fresh surfaces, the
unit weathers from gray to reddish brown. This unit
crops out throughout entire area and covers most of the
eastern third of the quadrangle. (Description compiled
from Bentley and others, 1980, 1993; Schuster, 1994;
Schuster and others, 1997; Walsh, 1986.) This rock is
extremely hard and durable and is considered a signifi-
cant resource.
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GRANDE RONDE BASALT

MVgNZ

MVgRZ

Grande Ronde Basalt, upper flows, normal polarity
(middle Miocene)—Four or five mostly fine-grained,
normally magnetized basalt flows that are aphyric.
Dark-gray to black on fresh surfaces, the unit weathers
reddish brown or gray. This unit frequently crops out
on the western half of the map and covers the largest
surface area of any Columbia River Basalt Group
member in the Yakima quadrangle. (Description com-
piled from Bentley and others, 1980, 1993; Schuster,
1994; Walsh, 1986.) This rock is extremely hard and
durable and is considered a significant resource.

Grande Ronde Basalt, upper flows, reversed polar-
ity (middle Miocene)—Three to six usually fine-
grained with some medium- and coarse-grained re-
versely magnetized basalt flows that are aphyric.
Black to gray-black on fresh surfaces, the unit weath-
ers reddish gray to grayish black. Each flow averages
approximately 85 feet thick and contains poorly devel-
oped colonnade and entablature zones. This unit crops
out on the western half of the Yakima quadrangle. (De-
scription compiled from Bentley and others, 1980,
1993; Schuster, 1994; Walsh, 1986; Campbell and
Gusey, 1992.) This rock is extremely hard and durable
and is considered a significant resource.

M-VgN1

Grande Ronde Basalt, lower flows, normal polarity
(middle Miocene)—Multiple, mostly fine-grained,
normally magnetized basalt flows that are aphyric.
Dark gray to black on fresh surfaces, the unit is iron-
stained and has a pale green color when weathered.
This unit crops out where Ahtanum Creek cuts into
Sedge Ridge. (Description compiled from Bentley and
others, 1980; Campbell and Gusey, 1992; Walsh,
1986.) This rock is extremely hard and durable and is
considered a significant resource.

Fifes Peak Formation

Mvafp

Fifes Peak Formation (lower Miocene)—The Edgar
Rock cone facies and the Edgar Rock apron facies of
the Fifes Peak Formation crop out along the western
margin of the Yakima quadrangle. The cone facies
consists of basaltic and andesitic lava flows and brec-
cias. The flows, which include a radial swarm of ande-
site dikes, are dark gray to black and are phyric with
plagioclase phenocrysts. The apron facies consists of
andesitic and basaltic breccias, tuffs, lahars, and flu-
vial slurries. (Description compiled from Campbell
and Gusey, 1992.) This soft, crumbly facies contrib-
utes to the massive landslides found on the western
margin of the quadrangle. While there are a few bor-
row pits in this unit, the majority of the unit is com-
posed of very poor quality rock, therefore it is not con-
sidered a significant resource.
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